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Development of Techniques for the Production of Selenium and
Germanium-enriched Chinese Cabbage and Pepper

Hyung Kwon Yun'*, Cheng Hao Zhang?, Tae Cheol Seo', and Hua Zi Huang'
National Horticultural Research Institute, Suwon 440-706, Korea
*Zhejiang Academy of Agricultural Sciences Institute of Vegetables, Hangzhou 198, China

Abstract. The effects of selenium (Se) and germanium (Ge) fertilization on the growth and quality of Chi-
nese cabbages cultivated in spring and autumn and peppers cultivated in spring were investigated. Se
(Na;Se0,) and Ge (GeO,) were supplied 5, 10, or 20 times in an aqueous solution of 0, 2, 4, or 8 mg-L™!
during the cultivation of Chinese cabbages and peppers. The fresh weight of Chinese cabbages increased by
Ge fertilization with high concentration. But it was not affected by Se fertilization. The content of vitamin C
increased by 10 times application with 4 mg-L™" of Se or Ge. The concentration of Se in Chinese cabbage
increased according to increasing concentration of Se fertilization. Se concentration was higher in the outer
leaves than in the inner leaves. Se concentration in the mesophyll was higher than that in the midrib. Ge fer-
tilization increased the uptake and concentration of Ge in autumn-cultivated Chinese cabbages. Se and Ge
fertilization did not affect the fresh weight of peppers. The content of vitamin C in pepper increased by 20
times application of 2 mg+L™" of Se. Vitamin C content in red peppers was twice as much as in green pep-
pers. :
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Table 1. The effect of selenium and germanium application on the growth of Chinese cabbage grown in spring or autumn.

Seasons Treatments Fresh weight Head height ~ Head diameter Number of  Leaf chlorophyll
(mg-L™") (kg-plant™) (cm) {cm) leaves content (SPAD)

Control 44+0.2" 29715 20.7£1.5 83315 35.0+£34

Se2 3.7+0.6 27.0+1.0 17.0£2.0 89.3+6.0 38.8+4.5

Se 4 42405 28.310.6 19.0£2.0 87.7+6.4 38.1+4.6

Spring Se 8 45104 29.710.6 19.3+2.1 89.7+5.5 40.8+4.9

Ge2 4.6+0.7 29.7+2.1 19.0+1.0 86.3+7.1 37.4%0.7

Ge 4 3.810.2 27.0%1.0 18.0£1.0 89.3+4.9 445+6.5

Ge 8§ 3.8+0.1 27.7+0.6 17.3£0.6 81.712.9 35.7+4.4

Control 3.0105 28.0t1.0 16.2+1.0 87.0£3.0 36.3+24

Se2 3.1+0.1 27.5+1.5 172+1.6 84.0£3.6 4291538

Se 4 33102 27.7+0.8 17.0£1.0 94.0+2.7 38.0+24

Autumn Se 8 34102 293423 16.8+0.6 89.0+52 40217

Ge 2 3.2+0.2 292+14 16.5+1.5 84.0£1.0 39.1+£2.0

Ge 4 32402 29.3+0.8 15.8+0.6 86.314.9 39.0+0.5

Ge 8 26104 277403 15.8+0.8 84.0+1.7 41.5+£3.9

’mean + standard deviation
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Fig. 1. Effect of selenium and germanium application on
ascorbic acid content in outer, middle, and inner leaves of
Chinese cabbages grown in spring and autumn.

Vertical bars indicate SE of means (n=9).
O: outer leaves, M : middle leaves, I: inner leaves
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Fig. 2. Accumulated selenium contents in outer, middle, and
inner leaves of Chinese cabbages grown in spring and
autumn according to the selenium application.

Vertical bars indicate SE of means (n=9).
O:outer leaves, M : middle leaves, I : inner leaves
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Fig. 3. Accumulated germanium contents in outer, middle,
and inner leaves of Chinese cabbages grown in spring and
autumn according to the germanium application.

Vertical bars indicate SE of means (n=9).
O :outer leaves, M : middle leaves, I : inner leaves
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Fig, 4. Accumulated selenium contents in soil after cultivat-
ing Chinese cabbage.
Vertical bars indicate SE of means (n=9).
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Fig. 5. Effect of selenium and germanium application on

ascorbic acid content in pepper.

Vertical bars indicate SE of means (n=9).
ERAuelN Ar1Heg delEs Al A BE¥t 4
Eof| mXE ggke AYR A7t ed 3o A
zhgic}.

pF Al Al o SRl |l
(Table 2). A2rkg H2lolA Ge 2mg L 208 A
277t g Aol mimsle g3l AAFe] A4
VeRgth 2ol viER C 3RS A% 29 A
gy Helol o8 FFo 9 Se 2mg L' 203]
#2]9} Se 4mg-L! 108 M7} di=Tl wlst
O E=gtom 3158 729 Se 2mg L 208] A

26
as
&4
=
a3
£
e 2
5
c
21
L3
R R e == —
T YT OBOS OISR OSO:o%
] B A @ 2 0 @n @A k= @ @ »
=1 =] o
o (] &)
Leaf Green pepper Red pepper

Fig. 6. Accumulated selenium contents in according to sele-
nium application.
Vertical bars indicate SE of means (n=9).
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Table 2. The effect of selenium and germanium application on the growth of pepper grown in spring and autumn.

Treatments Plant height Plant diameter ~ Leaf chlorophyll Fresh weight (g - plant™)
(mg-L™") (cm) (mm) content (SPAD) Green pepper Red pepper
Control 140.31+7.8% 12.5+0.7 72.0+1.0 491.61+53.2 166.61+19.7
Se2 153.01£4.0 11.720.5 72.612.0 416.1146.1 173.1£5.0
Se 4 145.3£5.0 12.6+0.7 73.0+2.6 47121431 169.1+27.6
Se 8 146.7£5.8 12.5+£0.7 715118 486.61+42.3 128.4+25.3
Ge?2 142.0x£2.0 125%1.5 68.6x1.3 468.9+£59.3 227.6+13.3
Ge 4 137.3£6.0 13.1+0.7 72.7£0.5 5109164 148.2+£30.5
Ge 8 147.3£2.5 12.410.6 69.0+£3.5 477.7+32.1 179.2+28.8

“mean % standard deviation
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Fig. 7. Accumulated germanium contents in according to
germanium application.
Vertical bars indicate SE of means(n=9).
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